To transmit an unknown qubit robustly through the noisy channel, one may first encode it into a certain quantum error correction code and then transmit it. The remote party decodes it and stores it. Sending a qubit in such a way can significantly reduces the error rate compared with directly sending the qubit itself. Here we show how to realize such a scheme by linear optics.
tion [10] . However, a direct test of quantum error correction code with linear optics has neither been proposed nor been demonstrated so far. Realizing either Shor's 9 qubit code or Steane's 7 qubit code or the 1 in 5 code [3] is technically challenging by our current technology. All of them are based on the quantum entangled state with more than 5 qubits. This requires at least 3 pairs be emitted by the spontaneous parametric down conversion(SPDC) [6] . To test the main points of the quantum error correction code we shall consider a simpler case here: transmitting an unknown qubit robustly over the bit flip channel by a smaller quantum error code. We assume no phase flip noise for channel. Note that even in such a case there is no trivial way to complete the task: a repetition code is not allowed by the non-cloning principle.
Suppose Alice is given the following unknown qubit
If the qubit is direct sent through the channel, the qubit state after passing through the bit flip channel will be ρ a = (1 − η)|u u| + η|u f u f | (2) and |u f = 1 √ 1 + r 2 (|1 + re iφ |0 ).
Therefore, to all possible initial states on the Bloch sphere, the average error rate caused by the bit flipping channel is
where cos t = 1 √ 1+r 2 and 0 < η < To send the unknown state robustly to the remote party Bob, she first encodes it into
To make this encoding she does not need any information of the given state. What she needs is simply the following state independent unitary transformations to the given qubit and her ancilla which is in state |0 initially:
She then sends the two qubit code to the remote party Bob over bit flip channel, i.e., there is a small probability η < than the bit value information of each qubit. In the case that they have the same bit value, with a relative probability of (1 − η) 2 the code state with Bob is
With a relative probability in of η 2 in average the code state with him is
i.e., both qubits have been flipped after going through the channel. The cases that one qubit is flipped and one qubit is unchanged will always lead to different bit value of the two qubits therefore are all given up by after the parity check by Bob. For the state |c 1 , the finally stored qubit state with Bob is exactly in originally unknown state |u . Therefore the average fidelity between the finally stored state and the initial unknown state is
Or in other words, the error rate is
However, if Alice directly sends the original qubit without entanglement based quantum coding, the error rate will be in the magnitude order of η, which is one order higher than that with quantum error correction.
W now show the main result of this work, how to experimentally test the idea above with practically matured technology in linear optics. We propose the quantum error correction scheme in figure 1 . In the scheme, quantum error correction is done successfully conditional on beam 0, beam I2 and beam I3 each containing exactly one photon, with all of them being horizontally polarized. If this condition is satisfied, then we are sure that the initial unknown state has been prepared on beam 1 ′ , the state on beam 1 ′ has been encoded on beam 1 ′′ and beam 3 and decoding with the resultant state on beam I1 has been completed successfully. Therefore we shall count the error rate based on the four fold events, i.e., the events of the clicking of four photon detectors, (D0,D2,D3,D1) or (D0,D2,D3,D4). Only the case that one pair in each side of the nonlinear crystal are emitted in the SPDC [6] process takes a role in our experiment. We are now working in the polarization space, we replace the state notation |0 , |1 by |H , |V respectively.
The dashed boxes work as bit flip channels. For such a purpose, the phase shift θ(−θ) to vertical photon offered by P1(-P1) should be randomly chosen from ± π 2
. The dashed box changes the income state to outcome state by the following rule:
Given an arbitrary state |u = 1 √ 1+r 2 (|H + re iφ |V ), after it passes a dashed square box, the state is changed to
Note that e −2iθ = −1, since θ is either
. Since e iθ takes the value of ±i randomly, the state |u a is actually in an equal probabilistic mixture of both 1 1+ǫ |u ± i √ ǫ(|V + re iφ |H ) therefore the output state of the dashed line square box is
Here |u f is defined by Eq. (3) with |0 , |1 being replaced by |H , |V respectively. This shows that the flipping rate of the dashed box channel is
Once D0 is clicked, the state of beam 1 is |H . After it passes through the half wave plate HWP1 and phase shifter Pv+, it changes to 
With beam 1' and 2 being combined by the PBS, the state for beam 1",2' and 3 is
where 
and |e I1,
The devices HWP3, D3 and the PBS between them are applied to measure beam 3 ′′ in the basis of |± ±|. Therefore whenever beam 3 ′′ is projected to |+ +|, beam I1 must have been projected to |u I1 with a probability of 
Taking average over all possible initial state on Bloch sphere, the average error rate after a successful decoding by our scheme is
However if beam 1' is directly sent to the remote party through the one dashed box in our figure, the average error rate is
, which is much larger than that through the quantum error correction code if ǫ is small.
Although we need a random phase shift of θ = ± and run the set-up for the same duration. The average error rate over two durations is just the error rate for the bit flip channel where θ is randomly chosen from ± π 2 . Given the value ǫ, E 0 can be calculated theoretically (or obtained by an experiment).
The value E c is obtained by the experiment. To verify that the error rate E c is indeed much smaller than E 0 , one need just count each type of four fold clicking events. The ratio N 4 /(N 1 + N4) is just the experimental value of E c . Here N 1 is the number of four fold events of all clicking of D0,D2, D3 and D1, N4 is the number of four fold events of all clicking of D0,D2, D3 and D4. Therefore, in the experiment, the only data one needs to record is just the number of four fold clicking of (D0,D2,D3,D1) and the number of four fold clicking of (D0,D2,D3,D4).
The overall efficiency of the experiment can be increased by 4 times if we accept all cases of the initial state preparation and also use the error correction code of . The optical paths of each beam should be adjusted carefully to make sure that the two input beams reach all polarizing beam splitters in the same time.
